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METHOD FOR FABRICATING AN ANTI 
FUSE IN PROGRAMMABLE 
INTERCONNECTIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of, and claims 
priority under 35 U.S.C. S 120 from, U.S. patent application 
Ser. No. 10/039,058, filed Jan. 4, 2002, and entitled 
“METHOD FOR FABRICATING AN ANTI-FUSE IN 
PROGRAMMABLE INTERCONNECTIONS'', now aban 
doned. 

TECHNICAL FIELD 

The present invention generally relates to a method of a 
fabricating a Semiconductor device, and more particularly to 
a method of fabricating an anti-fuse in programmable inter 
connections. 

BACKGROUND 

With the rapid development of integrated circuit 
technologies, there has been a trend to reduce the Scale of a 
device. Thus, Semiconductor technologies have increased 
the integrated circuit density on a chip. The Semiconductor 
devices manufactured in and on the Semiconductor Substrate 
are very closely spaced. The alignment, lithography tech 
nologies are more important than ever due to the density of 
the packing density is continuously increased. During the 
formation of the ICs, programmable devices are typically 
formed on a certain area for replacing the element having 
defects. For example, the programmable device is employed 
to replace the defected DRAM. The programmable device is 
typically consisted of a Selecting transistor and an anti-fuse. 
The Selecting transistor may select the anti-fuse that wish to 
be used and then the input Voltage conducts the anti-fuse. 
One of the prior arts may refer to U.S. Pat. No. 6,040,608, 
entitled “Field Effect Transistor for One-Time Program 
mable Nonvolatite Memory Element.” 
Up to now, there are various ways to form the anti-fuse. 

One of the methods is to conduct the anti-fuse by biasing 
high Voltage. Another method is to alter the conductivity of 
the anti-fuse by using laser. One of the articles may refer to 
IEEE, 38' Annual International Reliability Physics 
Symposium, 2000, page 169, “One Time Programmable 
Drift Anti-fuse Cell Reliability.” Wherein the art disclosed 
that laser anti-fuse is one of the Solutions for SRAM and 
DRAM redundancy. The un-programmed structure used to 
form the anti-fuse has an intrinsically high resistance, by 
applying a programmable current, the electrical resistance 
through the anti-fuse material is greatly reduced providing a 
conductive link between metallizations. Typical the anti 
fuse materials include amorphous Silicon, amorphous 
carbon, carbon, germanium and So on. 
One of the arts related to an anti-fuse process that com 

patible with the CMOS process. Another further prior art 
includes NMOS connected to an anti-fuse, N-well is used to 
acts the drain of the NMOS. The programmable steps 
include selecting the anti-fuse by using the NMOS and 
providing lower power to the un-Selected device, higher 
power biases to the Selected device to breakdown the oxide. 
A further art may refer to the U.S. Pat. No. 6,251,710, 
entitled “Method of making a dual damascene anti-fuse with 
via before wire,” assigned to IBM. The drawback of the 
prior art is that the anti-fuse material too thin about 20 to 150 
angstrom and the dielectric is likely loSS during the dielectric 
etching. 
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2 
SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method 
for fabricating an anti-fuse. 
The present invention includes forming a first conductive 

layer in a first dielectric layer, followed by forming a Second 
dielectric layer on the first dielectric layer. The second 
dielectric layer is patterned to form openings on the Second 
dielectric layer, a patterned photoresist is used as a mask to 
etch holes on the bottom of openings through the Second 
dielectric layer to expose the Surface of the first conductive 
layer 4, then an anti-fuse layer is formed on the Second 
dielectric layer and on a Surface of the holes. A photoresist 
is formed on the anti-fuse layer to expose un-programmable 
area, followed by plasma etching the anti-fuse layer on the 
un-programmable area using the photoresist as mask to 
expose the first conductive layer on the un-programmable 
area. The photo resist is removed. A Second conductive layer 
is formed on the anti-fuse layer and refilling into the holes. 
A planarization proceSS is performed by chemical mechani 
cal polishing to polish the Second conductive layer to form 
a programmable anti-fuse. 
The anti-fuse layer acts as a barrier to prevent metal atom 

from diffusion. Preferably, the anti-fuse layer is less than 50 
angstroms. The anti-fuse layer comprises SiC., amorphous 
Silicon, and Silicon dioxide or Silicon nitride. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing aspects and many of the attendant advan 
tages of this invention will become more readily appreciated 
as the same becomes better understood by reference to the 
following detailed description, when taken in conjunction 
with the accompanying drawings, wherein: 

FIG. 1 is a cross section view of a semiconductor wafer 
illustrating the Steps of forming first conductive layer and a 
Second dielectric layer of the present invention. 

FIG. 2 is a croSS Section view of a Semiconductor wafer 
illustrating the Step of forming an opening on the Second 
dielectric layer of the present invention. 

FIG. 3 is a cross section view of a semiconductor wafer 
illustrating the Step of forming a dual damascene Structure. 

FIG. 4 is a cross section view of a semiconductor wafer 
illustrating the Step of forming an anti-fuse layer according 
to the present invention. 

FIG. 5 is a cross section view of a semiconductor wafer 
illustrating the Step of etching the anti-fuse layer according 
to the present invention. 

FIG. 6 is a cross section view of a semiconductor wafer 
illustrating the Step of removing the photoresist. 

FIG. 7 is a cross section view of a semiconductor wafer 
illustrating the Step of forming a Second conductive layer 
according to the present invention. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

The present invention will be described in detail with 
reference to the drawings. The present invention provides a 
novel method to fabricate an anti-fuse device. Now, refer 
ring to FIG. 1, a single crystal Substrate is P-type or N-type 
with <100> crystallographic orientation. A dielectric layer 2 
is provided on the substrate. A first conductive layer 4 is 
formed in the dielectric layer 2 by using conventional 
lithography and etching to form trenches in the dielectric 
layer 2, followed by refilling conductive material into the 
trench. Suitable material used in forming the first level of 
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conductive feature in the dielectric layer 2 include but not 
limited to aluminum (Al), tungsten (W), copper (Cu), chro 
mium (Cr), gold (Au), platinum (Pt) and alloys combination 
thereof. 

A second dielectric layer 6 is formed on the first dielectric 
layer 2, and openings 8 are formed in a conventional manner 
as shown in FIG. 2. In the embodiment, oxide can be used 
as the dielectric layer and formed by using a chemical vapor 
deposition and TEOS as the reaction source. 

Next, as shown in FIG. 3, a patterned photoresist (not 
shown) is used as a mask to etch holes on the bottom of 
openings 8 through the Second dielectric layer 6 to expose 
the surface of the first conductive layer 4. Thus, a dual 
damascene structure is formed, with the width of the holes 
being Smaller than the width of the openings. Then, an 
anti-fuse material 10 is formed on the etched Surface as 
shown in FIG. 4. 

As shown in FIG. 5, a photoresist 12 is patterned on the 
Second dielectric layer 6 to form an opening 14 to expose the 
un-programmable area. Turning to FIG. 6, an etching pro 
ceSS is used to etch the anti-fuse material 10 to expose the 
conductive layer 4 on the un-programmable area. The etched 
un-programmable area has a better profile than that of the 
prior art due to a wider upper and a narrow lower Structure 
and shape of the dual damascene region. Therefore, the 
anti-fuse material 10 on the bottom of un-programmable 
area is efficiently etched with a better profile, thus proceed 
ing to the next process, the photoresist 12 is removed. The 
material for the anti-fuse material includes but not limited to 
amorphous Silicon, amorphous carbon, oxide, SiC and 
nitride. The conductive layer 4 on the un-programmable area 
will be linked to another conductive layer by the subsequent 
StepS. 

Turning to FIG. 7, a conductive layer 16 is formed on the 
second dielectric layer 6 and refilled into the trench. Chemi 
cal mechanical polishing is introduced to polish the Surface 
of the conductive layer 16 to the second dielectric layer 6 for 
planarization. Programmable anti-fuse 18 and 
un-programmable device 18a are formed. The conductive 
layer 16 can be metal, alloy or polysilicon. 

The present anti-fuse material is thin and the dielectric 
layer etching is prior to the anti-fuse material formation. 
Thus, lower current is required to conduct the anti-fuse and 
no dielectric will be loss. Further, the anti-fuse material acts 
the barrier to prevent the metal atom diffusion. For example, 
if the conductive layer is copper, the anti-fuse material may 
prevent the copper atom from diffusing. The thickness of the 
anti-fuse material 10 is about 20-150 angstrom, preferably, 
less than 50 angstroms. The present invention is compatible 
to the copper process. 
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AS is understood by a person skilled in the art, the 

forgoing preferred embodiment of the present invention is 
illustrated of the present invention rather than limiting of the 
present invention. It is intended to cover various modifica 
tions and Similar arrangements included within the Spirit and 
Scope of the appended claims, the Scope of which should be 
accorded the broadest interpretation So as to encompass all 
Such modification and Similar Structure. 
What is claimed is: 
1. A method for forming an anti-fuse in programmable 

metal interconnection Said method comprising the Steps of: 
forming a first conductive layer in a first dielectric layer; 
forming a Second dielectric layer on Said first dielectric 

layer; 
patterning Said Second dielectric layer to form openings, 
patterning bottom of Said openings to form holes to 

expose Surface of Said first conductive layer, wherein 
the width of said hole is Smaller than the width of Said 
openings, 

forming an anti-fuse layer on Said Second dielectric layer 
and on a Surface of Said holes, 

forming a photoresist on Said anti-fuse layer to expose a 
un-programmable area; 

etching Said anti-fuse layer on Said un-programmable area 
using Said photoresist as mask to expose Said first 
conductive layer on Said un-programmable area; 

removing Said photoresist; 
forming a Second conductive layer on Said anti-fuse layer 

and refilling into Said holes, and 
performing a planarization to polish said Second conduc 

tive layer to form a programmable metal interconnec 
tion with anti-fuse. 

2. The method of claim 1 wherein the etching of said 
anti-fuse comprises plasma etching. 

3. The method of claim 1 wherein said planarization 
comprises chemical polishing. 

4. The method of claim 1 wherein said anti-fuse layer acts 
as a barrier to prevent metal atom from diffusion. 

5. The method of claim 1 wherein the thickness of Said 
anti-fuse layer is less than 50 angstroms. 

6. The method of claim 1 wherein said anti-fuse layer 
comprises SiC. 

7. The method of claim 1 wherein said anti-fuse layer 
comprises amorphous Silicon. 

8. The method of claim 1 wherein said anti-fuse layer 
comprises Silicon dioxide. 

9. The method of claim 1 wherein said anti-fuse layer 
comprises Silicon nitride. 


